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ABSTRACT
The effect of the ginsenoside Rg-l of Panax gin_
seng on mitosis and growth of the cultured human
peripheral blood leukocytes was studied.
The Rg-l is found to be an agent which can pro-
mote the mitosis of the cultured leukocytes activated
either by Phytohemagglutinin (PHA) or by Concanavalin
A (Con A). It does not arrest the cells at any parti-
cular stage of mitosis. However, the Rg-l is non-mito-
genic to the cultured leukocytes in'both TC 199 and
METI culture media without the addition of a mitogenie:
lectin. The optimal concentration of Rg-l for this pro-
moting action is found to be around 0.0005 mg/ml of
culture medium. In addition, its promoting action is
a rather raid one.
The Rg-1 can also promote the DNA synthesis of the
activated cells. This occurs even in the presence of
the lectin-binding inhibitor, N-acetylgalactosamine.
It may shorten the period of DNA synthesis (S period)
of the activated leukocytes.
The Rg-1 may enhance the resistance of the cells
to the adverse growing conditions. However, the most
effective concentrations of Rg-l (0.0001 and 0.0003 mg
per ml of culture medium) for the effect on the survi-
val of cells in culture is different from that on mito-
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GINSENG AND ITS IMPORTANCE
Ginseng has been widely used in the oriental
medicine over 2,000 years. It comes from the species
Panax ginseng C.A. Meyer in the family Araliaceae.
Ginseng is usually grown in the mountainous forest
of North China, Manchuria, and Korea. Morphological-
ly, ginseng is a perennial herb with fleshy root, a
single annual stem bearing a whorl of palmately com-
pound leaves, and a terminal simple umbel of small
5-merous flowers (Hu, 1977).
The dried root of ginseng has been widely used
and highly valued as a drug of longevity and cure
all. In Pen-ts'ao kang-mu (Pharmacentical Compen-
dium) of Li Shih-chen, ginseng had been regarded as
an indispensable remedy which is usually used along
with other ingredients in prescriptions for, chiefly,
consumption diseases, all form of debility, fatigue,
thirst and indigestion. On the other hand, it is parti-
cularly valued by older people (Popov and Goldwag,
1973) for its palliative effect on degenerative con-
ditions of old age (Fulder, 1977).
2In the past 3 decades, scientists have paid a
great deal of attention and conducted serious research
in ginseng, not only in China, but also in Japan, Korea,
Germany, and the Soviet Union. Their findings concern-
ing ginseng's activities were in good agreement with
what had been claimed by the Chinese.
Ginseng gains its importance for its clinical,
pharmacological and economic significances. Popov and
Goldwag (1973) has investigated the clinical use of
ginseng extract as adjuvant in revitalisation therapies.
In addition, many other clinical uses have been des-
cribed (Hu, 1977). It does not appear to possess any
specific, well defined pharmacological action but rather
exhibits a number of different pharmacological activi-
ties. It has a wide range of pharmacological properties
including antifatigue, antistress, anabolic, adapto-
genic, stomachic, anti-diabetic, haematinic and homeo-
static properties. It also has mild normalising effects
on blood pressure and carbohydrate metabolism, control-
ling of the nervous system stimulatory properties, macro-
molecular synthesis in the liver, assisting in the regu-
lation of the milieu interieur, increase on the stress
responses of the adrenal cortex, and the pituitary con-
3trol of adrenal corticosteroid production (Petkov and
Staneva, 1965 Brekhman and Dardymov, 1969 Takagi
et al, 1972 Li and Li, 1973 Karzel, 1974 Oura et
al, 1975).
THE CHEMICAL CONSTITUENTS OF GINSENG
Ginseng has been widely used as a drug over 2,000
years. However, the chemical investigation on ginseng
was begun rather recently. Many chemists have been
attempting to isolate and identify ginseng's active
principles, and verify its usefulness.
Extensive chemical studies on ginseng were carried
out within 20 years. By using different systems, it was
found that some of the ginseng constituents were only
extractable with alcohol or water, while others were
primarily soluble in organic solvents or oil. Ginseng
components have been successfully separated with the
aid of thin-layer chromatography (TLC) and column chro-
matography techniques. Infra-red (IR), NMR (Nuclear magnet-
ic resonance), and mass spectroscopy, on the other
hand, provide the powerful means for elucidating the
structures of the active principles contained in the
ginseng root. Based on the chemical studies of ginseng
4in the past 20 years, we have learned that Panax
ginseng contains quite a number of medicinally use-
ful components (Shibata, 1967 Tanaka, 1973).
Several classes of chemically distinct com-
ponents have been isolated. They are : ginseng sa-
ponins,'ginseng oil and phytosterol, sugars, acids,
nitrogenous substances, amino acids, peptides, vita-
mins, minerals, ferments and enzymes. Among these,
ginseng saponins are the principal constituents of
the root. Accordingly, it is the saponins that con-
tribute most, if not all, of the important pharma-
cological activities of ginseng.
Saponins, sweet-bitter substances, usually exist
in plants in the form of glycosides known as sapon-
in glycosides (Claus et al, 1970 Trease and Evans,
1972). Saponin glycosides are giant molecules extract-
able from the plant materials with hot water or alco-
hol. Each glycoside molecule is composed of a sugar
portion (glycone) and a non-sugar portion (aglycone).
A.number of ginseng saponin glycosides have been iso-
lated from methanol extracts of ginseng roots and identified
(Fujita et al 1962 Shibata et al, 1962,, 1963a, 1963b, 1965
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Elyakov et al, 1964, 1966 Tanaka et al, 1964 Brekhman,
1967). In 1965, more than 10 neutral ginseng saponins
were isolated by Shibata et al and these saponins were
designated as ginsenosides Rx (where x=o, a, bl, b2,
c, d, e, f, gl, and 92).
The techniques of extraction and isolation of
ginseng saponins are extremely complicated. Although
ginseng saponins can be extracted with hot water and
some lower alcohols, more and more investigators are
using methanol. The following is an excellent proce-
dure developed by Sanada et al (1974a, 1974b) and
Chen and Stabs (1978). The powder of ginseng root
was extracted with hot methanol for five times. The
extract was then evaporated to dryness under reduced
pressure and a brown residue of crude saponin mixture
(17.5)0 was obtained. The `dry substance was then sus-
pended in water and extracted again with ether to
eliminate the oily substances. The aqueous mixture
was then extracted with water-saturated n-butanol.
The water layer (after extraction) was discarded. The
n-butanol layer or extract was separated by TLC tech-
niques, and it may contain as many as 13 ginsenosides,
namely Rol Ra, Rb-1, Rb-2 , Rol Rd, Re, Rf, Rg-1, Rg-2 ,
Rg-3, Rh-1 and Rh-2. Among these, ginsenosides Rb-1
6and Rb-2 (Rb group) and Rg-1, Rg-2 and Rg-3 (Rg
group) are the main components of the ginseng sa-
p onins 0
The complete structures of these saponins were
not known until 1968, when Lida et al (1968). reported
that ginsenoside Rg-l is composed of protopanaxa-
triol and two glucose residues. At present, nine of
the total 13 ginsenosides have been characterized, and
their structures have been established (Sanada et al,
1974a, 1974b). The physical form, melting point,
chemical formula and characteristic IR of ginsenosides
Rb-l and Rg-1 are shown in the following table (Hou,
1977) :







no offIR (KBr) cm-1 3400 (OH)
1626 (C=C)
Sugar 4:glucose,4 2:g,2 (3:g,3)
molecule s
PanaxatriolPanaxadiolAglycone
8The Rb and Rg groups of the ginsenosides are tetra-
cyctic drammarane-type triterpenes. The ginsenoside
Rb-1 carries 4 moles of glucoses and Rg-l 2. The
chemical structures of ginsenosides Rb-1 and Rg-l





































INDUCED MITOGENSIS ON HUMAN PERIPHERAL BLOOD LEUKOCYTES
Advances in human cytogenetics (Stern, 1961) have
created a demand for a rapid and simple technique for
obtaining mitotic figures. A very appealing and ready
source. of cells is peripheral blood. Early workers
considered the leukocytes in peripheral blood as an
end-stage cells with limited biologic activity (Trowell,
1955). In 1959, Bond et al, employing radioactive
nucleoside precursors for DNA, substantiated the con-
cept that the normal peripheral blood leukocytes were
resting (GO) cells. Therefore, ordinarily, normal
leukocytes do not divide in the peripheral blood (Nowell,
1960). Nowell in 1960 observed that a plant lectin from
Phaseolu.s vulgaris, phytohemagglutinin (PHA), caused
the leukocytes to undergo a series of morphological
changes in tissue culture to blast-like cells. It
has been shown that PHA stimulated lymphocytes and mono-
cytes ( Bond et al, 1958 Hungerford et al, 1959 Nowell,
1960 Carstairs, 1961 Robbins, 1964 Naspitz and
Richter, 1968 Greaves and Bauminger, 1972 Brown and
Hunt, 1978 Han and Dadey, 1978) to undergo a series of
light microscopic (Yoffey et al, 1965 Nicholson, 1974),
histochersical (Cooper et al, 1963), fine structural
(Marshall and Roberts, 1963 Douglas et al, 1967 Sher-
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line, 1977) and biochemical changes (Quastel and Kaplan,
1970a, 1970b Allwood et al, 1971 Fisher and Mueller,
1971 Peters and Hausen, 1971 Hadden et al, 1972
Yoshinaga et al, 1972 Whitney and Sutherland, 1972,
1973 Wright et al, 1973 Barnett et al, 1974 Dahl and
Hokin, 1974 Edelman, 1974 Luckasen et al, 1974 Maino
et al,'197 4 Freedman et al, 1975 Watson, 1975). Acti-
vation of the leukocytes initiates histone acetylation
(Pogo et al, 1966), new RNA synthesis and DNA synthesis,
followed by mitosis and cell division (Mackinney et al,
1962 Epstein and Stohlman, 1964 Cooper and Rubin,
1966). About 35 % of lymphocytes transform into blastic
cells within 72 hours (Ichimaru, 1971).
In recent studies, it has been suggested that the
mitogenic action of PH.. does not involve mitosis per se
but rather affects the stage preceding mitosis, that is
the alteration of the monocytes and lymphocytes to a
state wherein they are capable of division. Therefore,
the activation has been shown to comprise two successive
events, namely the initial stimulation of the resting
(GO) cell to enter Gl, and the further stimulation of
the G1 cell to initiate DNA synthesis, that is, to enter
S period (McClain and Edelman, 1976 Toyoshima et al,
1976 Pardee et al, 1978).
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This discovery that the red cell agglutinin,
PHA, tremendously increased the number of mitosis in
three-day leukocyte cultures together with an excel-
lent method for fixing and mounting the cells (Moor-
head et al, 1960) has widely accepted as a source of
material for both cytogenetic investigations and clin-
ically cytodiagnosis (Bender and Prescott, 1962).
RECENT STUDIES ON THE EFFECT OF GINSENG ON CELL ACTIVITY
In 1965, Woo et al made a series of in-
vestigations on the effect of Korean ginseng on the
growth rate of cells human amnion cells (HA, Mas-
coli's strain), Hela cells (Carcinoma uteri), and KB
cells (Carcinoma oris). The alkaloidal fraction of
Korean ginseng had an inhibitory effect on the growth
of these cells when added at a concentration of 20 T/ml.
On the other hand, Yamamoto et al (1977) assumed
that the major active principle of ginseng might be
saponins and reported that the ginsenoside Rg in vivo
increased DNA, protein, and lipid synthesis in bone
marrow cells but Rb-1 did not.
In addition to the inhibitory and stimulatory
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effect, Yuan and Chang (1969) found that the crude
aqueous extract of Korean ginseng is effective in
delaying degeneration of human amnion cells in vitro.
Fulder (1977) was curious to see if ginseng
could directly affect human cells isolated from the
body, or whether it only functioned via the endocrine
glands. His paper in 1977 reported preliminary studies
which showed that ginseng has a dose-dependent mito-
genic action on tissue culture cells (cultured human
fibroblasts in his study) and the results suggested
that ginseng possibly contains steroid hormone ana-
logues. Therefore, he concluded that ginseng might
have a dual effect on cell growth: not only to stimu-
late cell division in an adequate nutritional envi-
ronment, but also act cytostatically under adverse
conditions. Meanwhile, the toxic effect of ginseng
reported by woo et al (1965) could be explained
by the use of high dose (Fulder, 1977).
THE AIM OF THIS STUDY
The medicinal plant Yanax ginseng is urea exten-
sively by the elderly in several countries. There is
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as yet no clear pharmacological evidence to justify
a geriatric use for ginseng, The senescence of di-
ploid mammalian cells. in culture has been extensively
studied in recent years and has shown to be related
to the ageing of dividing cells in vivo (Rosen, 1978).
Therefore, further investigations on the dual effect
of ginseng on cell growth to stimulate cell divisior
and to lengthen the growth-span of the cells in culture
--- should be carried on, since it is widely regarded
as a palliative and restorative for use particularly
during senescence.
As described before, the saponins contribute most,
if not all, of the important pharmacological activi-
ties of ginseng and the Rb group and Rg group are the main
components of the ginseng saponins. Therefore, it seems
sensible to study the effect of the Rb and Rg saponins
on cell growth.
Studies on mitogens have provided additional know-
ledge to understand the nature and interactions of the
cells of the immune systeir,. The ginseng extract or gin-
senosides have been shown to have stimulatory effect on
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cell division (Fulder, 1977). Therefore, the study of
the effect of the ginsenosides on human leukocytes
might give some basis to the therapeutical action of
ginseng and make way to the clinical application. of
ginseng to immunology.
Consequently, experiments were carried out to de-
termine the effect of the ginsenoside Rg-l on the mito-
sis, DNA synthesis and growth of the cultured human
peripheral blood leukocytes activated by the mitogenic
lectins, PHA and Con A. Moreover, studies on these
effects on the cultured cells without the activation





In this study, human peripheral blood provided
by the same person in our laboratory was used. The
collection of the blood sample was done by aseptic
means.-Small quantity of blood was obtained by prick-
ing the alcohol-sterilized finger with sterile blood
lancets. By means of the sterile TC Capillary Tubes,
0.15 ml human peripheral blood (two full capillary
tubes) was transferred into the TC. Chromosome Micro-
test Medium. The contents were then mixed by gently
inverting the closed vial 3 times. For larger quanti-
ty of blood cell suspension, 6 ml of blood were with-
drawn by syringe. Then 2 ml of 6% dextran in physio-
logical saline was added (Gilbert et al, 1962 Augu-
stin, 1978 Waithe and Hirschhorn, 1978). They were
mixed by inversion and allowed to stand at room tem-
perature for one hour until the plasma-leukocyte. sus-
pension had separated (Varley, 1977). Then the cell
suspension was added into the medium.
CULTURE MEDIA
Three types of culture media had been used (Shaw,
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1973 Priest, 1969). They were:
(1) TC Chromosome Microtest Medium (Difco Laborator-
ies, Detroit, Michigan, U.S.A.)
(2) TC 199 Medium (Serva, Germany) (Earle, 1943)
(3 ) Eagle's Minimal Essential Medium (MEM) (Gibco,
U.S.A.).
REAGENTS
The ginseno sides , Rg--l and Rb-l were kindly sup-
plied by Professor S.Shibata of the Meiji College of
Pharmacy, Tokyo. They were extracted from roots of
Panax ginseng. Both ginsenosides were first dissolved
in sterile double distilled water or 0.1 M lhosphate
buffer (pH 7.4) and then added into the culture medium.
In this study, the following experiments were
carried out:
1. THE EFFECTS OF RG-1 AND RB-1 ON MITOSIS OF LEUKOCYTES
IN CULTURE
In this experiment, mitotic indices of leukocytes
were determined from the control and treated (Rb-1
and Rg-1) samples.
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(1) Preparation of culture (Moorhead* et al, 1960
Nowell, 1960 Arakaki and Sparkes, 1963 Bishun,
17 n 1
One vial of TC Chromosome Microtest Medium
was rehydrated by adding the contents of one vial
of :4 ml TC Chromosome TMicrotest Reconstituting
Fluid. Then 0.15 ml of human peripheral blood was
transferred into the medium. The culture was in-
cubated at 370C in the dark for 3 days. The colour
of the culture medium was kept orange red during
the incubation period. If the colour became amber,
.the cap should be loosened temporarily to allow
escape of carbon dioxide. The cells were dispersed
by shaking the contents twice a day.
On the third day of culture, 0.1 ml distilled
water, 0.1 ml Rg-l and 0.1 ml Rb-1 solutions were
added respectively into 3 different cultures, namely
the control, Rg-l treatment (a final concentration
of 0.005 mg Rg-l per ml of culture medium) and Rb-1
treatment (a final concentration of 0.005 mg Rb-l
per ml of culture medium).
The cultures were incubated for another day.
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After that, cells were harvested and fixed.
(2) Harvesting and fixation of cells
For each culture, cells were harvested and




One ml of the culture was transferred from
the vial to a 15 ml graduated conical centrifuge
tube. The cells were collected by centrifugation
at 800 rpm for 10 minutes. The supernatant was
aspirated off. Then 2 ml of TC Hanks Microtest
Solution were added and the cells were resuspend-
ed by using the Pasteur pipette. The button of
cells was collected by centrifugation at 800 rpm
for 5 minutes. All the supernatant fluid was as-
pirated off and 1 ml of a fresh mixture of 3 parts
of methanol and 1 part of glacial acetic
acid was carefully added without disturbing the
button of cells. The cells were allowed to soak in
the fixative for one hour or overnight in the re-
frigerator. By means of the Pasteur pipette, the
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small button of cells was respended gently. The
cells were collected by centrifugation at 600 rpm
for 5 minutes. Most of the fixative was then as-
pirated off. Finally, 0.5 ml of fresh fixative
was added and the cells were resuspended.
(3) Preparation of slides (Scherz, 1962)
Clean, chilled slides in distilled water were
used. In rapid succession, the excess water was
shaken off. Two drops of the cell suspension were
added to the slide by means of the Pasteur pipette.
The fixative was ignited off by bringing it momen-
tarily in contact with a flame.(the flame-dry
method),
(4) Staining
The dried slides were dipped into the aceto-
carmine solution for 10 minutes. After staining,
the dividing and non-dividing cells were checked
and counted under the microscope.
Mitotic index was calculated as follows:
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number of dividing cells
X 1000Mitotic index (M.I.)
number of counted cells
Student's t Test was used to test the signifi-
cance of differences between the treatment and
the control. Thus the mean, standard deviation
and the probability for each treatment were cal-
culated (Bailey, 1965 Rohlf and Sokal, 1969).
2. THE-EFFECTS OF DIFFERENT CONCENTRATIONS OF RG-1
ON MITOSIS OF LEUKOCYTES IN VITRO
The cell cultures were treated with differ-
ent concentrations of Rg-l to study its dose-res-
ponse effect on mitosis of cultured human leuko-
cytes. The most effective concentration in pro-
moting mitosis could also be determined in this
exreriment.
(1) Preparation of culture
Similai method outlined in the first-ex-
periment had been followed. The two sets of
different concentrations of Rg-l used were:
(a) 0.03, 0.015, 0.005, 0.002, 0.001 and
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0.0005 mg Rg-l per ml of culture medium.
(b) 0.001, 0.0005, 0.0003 and 0.0001 mg Rg-l
per ml of culture medium.
(2) Harvesting and fixation of cell
Cells were harvested and fixed as usual on






For the additional culture treated with Rg-l
solution at the concentration of 0.0005 mg/ml,




3) Preparation of slides




Acetocarmine was used to stain the cells.
3,THE EFFECT OF RG-1 ON LEUKOCYTE GROWTH-SPAN IN CULTUHB
This experiment was designed to study the effect
of Rg-l on the growth of the leukocytes in adverse
environment (non-subculture).
(1) Preparation of culture
The 0.1 ml Rgml solution was added into the
culture medium (a final concentration of 0.0005
mg Rg-1 per ml) before the inoculation of blood.
Cells were then cultured as usual
2) Counting of the cells
(a) On the 5th, 8th, 13th and 19th day after the
inoculation of blood, 0.5 ml of culture me.
dium was taken out for cell count. Cells
were counted by haemacytometer method
(Kuchler, 1977).
(b) On the 21st day, the entire culture from
which no medium had been taken out) was
removed from the incubator for cell count
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4. THE EFFECT OF RG-1 ON THE DNA SYNTHESIS OF HUMAN
LEUKOCYTES IN CULTURE
The DNA synthesis of cells could be determined
by the uptake of radioactive nucleosides. In this
study, the effect of Rg-1 on the uptake of 3H-thy-
midine by the leukocytes in vitro was measured by
the liquid scintillation counter and autoradio-
graphy.
(l) Preparation of culture
The Rg-l solution was added at a quantity
of 0.1 ml into the culture medium on the third
day after the inoculation of blood into the
medium (a final concentration of 0.0005 mg Rg-l
per ml of medium). Cells were cultured by the
usual method.
(2) Uptake of 3H-thymidine (3H-TdR) as determined by
liquid scintillation counter.
(a) 10 0i of 3H-TdR (20 curies per mmol, Radio-
chemical Centre, Amersham) was added to each
of the two cu- tures for the last 15 hours and
7 hours of incubation period respectively,
that were at 23:00 on the 3rd day of culture
and at 7:30 on the 4th day.
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(b) In order to confirm the results obtained
in the last experiment, the experiment was
repeated with slight modification as follows:
at 23:00 on the 3rd day of culture, 2 ml of
culture medium were taken out from each
culture. 3H-TdR was added into the remaining
cell culture mled'ium. At 7:00 on the 4th day,
3H-idR was added into the 2 ml cell cultures.
All cells were harvested on 0.45 yam milli-
pore filters. They were washed three times with
phosphate buffer solution (pH 7.4) and bleached
by 0.5 ml H202. After being put into the count-
ing vials, the filters were dried at 60°C for
one hour. Eight ml of scintillation fluid ( 4 g
PPO, 2,5 diphenyloxazole 0.4 g POPOP9 2,2-p-
phenylene-bis (5-phenyloxazole) 666.7 ml toluene
333.3 ml triton X-100) were added before counting.
They were shaken for a few hours. After dark
adaptation, they were counted in a Beckman liquid
scintillation counter and the incorporation of
3H-TdR into the nuclear DNA was measured
(Diamanstein and Ulmer, 1975).
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(3) Uptake of 3H-thymidine (3H-TdR) as determined
by autoradiography.
It is quite important to know at which per-
iod of the cell cycle of the leukocytes the
3H-TdR was added. Such informations may provide
some clues to explain the results obtained in
.last two experiments. This period of the cell
cycle was determined by the autoradiographic
method as follows:
(a) The 3H-TdR (l0 mCi, 2.0 curies per mmol) was
added into the control culture at 7:30 on
the 4th day of culture before the harvest-
ing and fixation of cells.
(b) The TC Arresting solution, colchicine, was
added at a concentration of 5x10-6 M at 9:30,
The cultures were further incubated for an-
other 4 hours.
After washing with TC Hanks Microtest
Solution, cells were collected by centrifu-
gation. The supernatant was aspirated off and
1 ml of TC Hanks Microtest Solution was added,
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The cells were resuspended with the Pasteur
pipette. A total of 3 ml of warm (37°C) dis-
tilled water was added in 3 equal portions,
with immediate agitation after each addition
(Hungerford, 1965 Mendelsohn, 1974). The cells
were resuspended gently with the pipette, and
they were allowed to stand in the hypotonic
solution at 3700 for-10 minutes. Exposure of
the cells to the hypotonic solution should not
exceed 10 minutes. Cells were collected by cen-
trifugation at 600 rpm for 10 minutes. After
the supernatant was aspirated off, cells were
fixed as usual.
(c) The slides were prepared by the flame-dry method.
(d) Autoradiography (Schmid, 1965 Sharma and Sharma,
1972)
The Ilford K2 emulsion was melted in water
bath at 5000 in the darkroom. One part of melted
emulsion was mixed with 2 parts of distilled water
warmed in the same water bath. The diluted emul-
sion was poured into a staining jar. Slides were
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warmed in distilled water in the same water
bath for 3 minutes. Each slide was dipped
into the liquid emulsion for quick coating.
The emulsion on the back of the slide was
wiped off and the slides were allowed to dry
in the upright position for about thirty min-
utes. The slides were packed in plastic or
wooden dark-tight boxes containing dehydrat-
ing agent (silica gel).'The boxes were sealed
with tape, and stored in refrigerator. They
were exposed for about one week.
Slides were developed by placing in D-19
developer for 2 minutes at 18°C. They were
washed gently in distilled water for 30 seconds
at 18°C and then fixed in a Fixer (Eastman Ko-
dak) for 2 minutes at 180C. They were washed
in cold water again for 2 minutes and then
placed directly in aqueous Giemsa solution.
(e) The slides were stained in Giemsa solution for-
10 minutes. They were dried and examined under
microscope.
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5. THE EFFECT OF RG-1 ON THE DNA SYNTHESIS OF CULTURED
LEUKOCYTES IN THE PRESENCE OF N-ACETYLGALACTOSAMINE
The N-acetylgalactosamine can act as an inhi-
bitor of the mitogenic property of the mitogenic
lectin, PHA (phytohemagglutinin), on human leuko-
cytes (Borberg et al, 1968). The effect of Rg-1 on
mitosis of leukocytes under the inhibitory action
of this specific sugar was studied. The effect was
shown by the changes in DNA synthesis which were
determined by the uptake of radioactive thymidine.
(1) Preparation of culture
A final concentration of 0.0005 mg Rg-1 per
ml of culture medi um was used. Ten mg of N-acetyl-
galactosamine per ml of culture medium were also
added. Both were added before the inoculation of
blood into the medium.
(2) Study of DNA synthesis
3H-thymidine was added at 23:00 on the 3rd
day of culture, that was the last 15 hours of
incubation period. Cells were harvested, washed,
bleached, dried and counted as described before.
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6. THE EFFECTS OF RG-1 ON MITOSIS OF CULTURED LEUKOCYTES
IN THE PRESENCE AND ABSENCE OF MITOGENIC LECTIN
This experiment was carried out to determine
whether Rg-l has the mitogenic effect on cultured
human leukocytes. Different concentrations of Rg-1
were tested and studied by the absence of mitogenic
lectin, Con A, in the culture medium (Sutherland,
1977 Speckart et al, 1978).
(1) Preparation of culture (Flood et al, 1966 Fort-
ner et al, 1967)
The plasma-leukocyte suspension was prepar-
ed as described before. The medium, either TC 199
or MEM, was supplemented with 0.125 ml of heat-
inactivated fetal calf serum (at 56°C for 30 min-
utes) (Heuser and Razair, 1970). 2 ,g of Fungi-
zone, 100 units of Penicillin and 0.1 mg of strep-
tomycin per ml of medium (Kuchler, 1977).
Different treatments were made:
(a) the control (medium only)
(b) Rg-l treated (concentrations used: 0.0001,
0.0003, 0.0005 and 0.001 mg/ml of culture
medium)
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(c) Con A-treated (50 jg/ml of medium)
(d) Con A- and Rg-l-treated (50,ug Con A
and 0.0005 mg Rg-1 per ml of medium)
(2) Counting of cells
On different days of culture, the cells
were counted by the haemacytometer method.
(3) Harvesting and fixation of cells
In addition to the cell count, mitotic
cells in the Con A-treated and Rg-l-treated
cultures were examined under the microscope
for comparison. Cells were harvested and fixed
as usual at 5 different time periods on the







Slides were stained with acetocarmine and
examined under the microscope.
31
ERSULTS
1. The effects of Rg-1 and Rb-1 on mitosis of human
leukocytes in vitro
In this exploratory experiment, the effects of
Rg-l and Rb-1 on mitosis of the cultured human leu-
kocytes were studied, both at the concentration of
0.005 mg per ml of medium (TC Chromosome Microtest
Culture Medium). Our preliminary studies had shown
that a peak of mitosis occurs from 13:00 to 16:00
on the 4th day of the peripheral blood culture.
Therefore, three time periods, namely 13:15, 14:15
and 16:00, were chosen within this time to fix cells
for determination of the mitotic index and the per-
centages of the-three different mitotic stages (pro-
phase, metaphase and ana-telophase). These results
are presented in Table 1 and graphed in Figs. 1 and 2.
From Table 1 and Figs. 1 and 2, it can be seen
that Rg-1 and Rb-1 do have some effects on mitosis
of cultured human leukocytes. The ginsenoside Rg-1
seems to have some stimulating effect, while Rb-1
an inhibitory one. Moreover, it is interesting to
note that mitotic index of the leukocytes treated
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with Rg-1 is significantly higher than that of the
control at 13:15 but significantly lower at 16:00.
This result may indicate that Rg-1 may have some
effect on the cell cycle of cultured leukocytes. In
addition, the data in Table 1 indicate that Rg-i does
not arrest the cells at any particular mitotic stage.
Fbr these reasons, we concentrated our effort in the
following experiments to study the effect of Rg-1 on
the mitosis of cultured leukocytes.
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2. The effects of different concentrations of Rg-l
on mitosis of human leukocytes in vitro
In this study, 3 experiments were carried out
to determine the dose effect and time effect of
R-l on the cultured leukocytes.
In the first experiment, the following con-
centrations of Rg-1 were used: 0.0 (control),
0.0001, 0.0003, 0.0005 and 0.001 mg per ml of
culture medium. The cells were fixed at 4 differ-
ent time periods, namely 11:00, 12:30, 14:00 and
15:30 on fourth day of culture. The mitotic index
and percentage of different mitotic stages of dif-
ferent mitotic stages of different treatments ob-
tained in this experiment are tabulated in Tables
2 and 3 and graphed in Figs. 3 and 4. The mean
mitotic index and percent of different mitotic
stages of 4 different time periods are presented
in Table 3 and graphed in Fig. 5.
It can be seen from Table 2 and Figs. 3 and 4,
mitotic indices are significantly higher in leuko-
cytes treated with Rg-l at different concentrations
and at different time periods than that of the con-
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trol. The highest mitotic index (116.19 + 4.94) is
observed in leukocytes treated with Rg-1 at the con-
centration of 0.0005 mg/ml at 14:00 on the 4th day
of culture. The mitotic index of leukocytes in the
control collected at this time is 38.24 + 1.84. The
data presented in Table 3 and Fig. 5 also indicate
that, on the average, the highest mitotic index is
observed in leukocytes treated with Rg-l at the con-
centration of 0.0005 mg/ml. The percentages of differ-
ent mitotic stages treated with different concentra-
tions of Rg-1 and fixed at different time periods
(Table 2) also indicate that Rg-1 does not block mito-
tic cells at any particular stage.
In order to obtain a complete picture of the effects
of different concentrations of Rg-l on the mitosis of
cultured human leukocytes, the second experiment was
carried out with the following concentrations: 0.0
(control), 0.0005, 0.001, 0.002, 0.005, 0.015 and 0.03
mg per ml. The cells were fixed at the same 4 time per-
iods, namely 11:00, 12:00, 14:00 and 15:30 on the 4th
day of culture. The data on mitotic index and percent
of mitotic stages are presented in Tables 4 and 5 and
plotted in Figs. 6-8. The results also indicate that
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(1) mitotic indices are significantly higher in leu-
kocytes treated with Rg-l than that of the control,
(2) the highest mitotic index is observed in leuko-
cytes treated with Rg-1 at the concentration of 0.0005
mg/ml, and (3) Rg-l solution does not block mitotic
cells at any particular mitotic stage.
From the first and second experiments, it is cer-
tain that the most effective concentration of Rg-l in
promoting the mitosis in cultured human leukocytes is
around 0.0005 mg/ml of the culture medium. The third
experiment was carried out to determine the effect of
Rg-l at this concentration at 3 different time periods
different from the previous ones, namely 0:00, 1:30
and 14:00 on the 4th day of culture. This result is
presented in Table 6 and Fig. 9. As expected, highly
significant differences in mitotic index are observed
between the treated and control leukocytes at these 3
different time periods. The significant difference is
observed as early at 0:00 on the 4th day of culture,
indicating that the promoting effect of Rg-l on mito-
sis is a rather rapid one.
The results obtained from these 3 experiments in-
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dicate that Rg-1 can promote mitosis of the cultured
human leukocytes and does not block the mitotic cells
at certain mitotic stage. Moreover, there exists a
dose-response effect of the Rg-l on the mitosis of
leukocytes in vitro, as shown by the differences in
mitotic. indices at different concentrations of Rg-1.
The most effective concentration in promoting mitosis
is found to be around 0.0005 mg/ml of medium. The pro-
moting action, the dose-response effect and the most
effective concentration of Rg-1 are observed at all
the different time periods.
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3. The effect of Rg-1 on the leukocyte growth-span in
culture
The results obtained in the previous experiments
(Tables 1-6) indicate that ginsenoside Rg-1 can pro-
mote mitosis of the cultured human leukocytes and
may affect its cell cycle too (0.0005 mg/ml being the
most effective concentration). In this case, the cell
density should be increased in the cultures. Thus,
experiment was carried out to determine the cell den-
sities of both the treated (0.0005 mg/ml) and un-
treated cultures from the 5th day of culture onward
until the death of cells (on the 21st day in our
culture) by using the haemacytometer method (Kuchler,
1977). The results of this experiment are tabulated
in Table 7 and graphed in Fig. 10.
As expected, the cell number is much greater in
the treated than in the control culture on all differ-
ent days counted. In both cultures, the cell density
reaches its maximum on about the 8th day of culture
and then decreases gradually. In both cultures, all
cells die on the 21st day of culture.
However, as seen from the results ('l'adle '( and
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Fi.g. 10), the rate of decreasing the cell density is
found to be much greater in the control (by nearly 2-
fold).than in the Rg-1 treated (by much less than 1-
fold). This occurs from the 8th to the 19th day of
culture. Therefore, the Rg-l treated cells seems more
resistant to adverse environment than the control ones,
resulting in the greater density throughout the whole
study.
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4. The effect of Rg-1 on the DNA synthesis of human
leukocytes in culture
Mitosis follows the G2 and S periods in a cell
cycle. Therefore, the DNA synthesis is accompanied
with the mitosis of cultured human leukocytes. Since
Rg-1 can promote mitosis and increase the cell num-
ber in culture, it should also affect the synthesis
of DNA in such cells. Yamamoto et al (1977) have
already reported that DNA synthesis is stimulated
by ginseng principles in the bone marrow and the
testes of rats where the DNA synthesis is active.
So, by making use of the active leukocytes in vitro,
the effect of Rg-l on DNA synthesis was investigated
in this experiment. Tritiated thymidine (10,,uCi,
20 curies per mmol) was added to the cultures, the
control and the treated (Rg-1 added at a concentra-
tion of 0.0005 mg/ml of medium), for the last 15 and
7 hours of incubation period. The incorporation of
3H-TdR into the DNA was then measured by the Beckman
liquid scintillation counter. This experiment was
repeated once. The results are shown in Table 8.
For the autoradiographic study on the cells not
treated with Rg-l, and with 3H-thymidine added at
40
7:36 on the 4th day, it can be seen that (from the
following photograph) only a few chromosomes were
labelled. This indicates that the cells at 7:30 are
at the late Seriod.
As seen from the table, DNA synthesis is much
higher in the leukocytes treated with Rg-1 than that
of the control ( as shown by the greater uptake of
.3H-TdR) when the 3H-TdR was added at 23:00 on the
3rd day of culture that is, 15 hours before harvest-
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ing the cells). The reverse is true when the H-TdR
was added at 7:30 on the 4th day of culture (that is,.
7 hours before harvesting the cells). From other re-
ports (Priest, 1969) and may autoradiographic study,
the cultured leukocytes at 15 and 7 hours before har-
vesting are at the early and late•S period respective-
ly. Therefore, the results presented in Table 8 may
indicate that the active DNA synthesis in the leuko-
cytes treated with Rg-1 may be earlier than that in
the control. In other words, Rg-1 may shorten the S
period which in turn may shorten the cell cycle. As
a result, mitotic index and cell number increase in
the cultures treated with Rg-1 as indicated in the
previous experiments (Tables 1-7).
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5. The effect of Rg-1 on DNA synthesis of human leu-
kocytes in culture in the presence of N-acetyl-
galactosamine
The medium used in the previous experiments is
the TO Chromosome Microtest Medium which contains
PHA'as the mitogenic lectin. The sugar, N-acetyl-
galactosamine (NAGAL) can prevent PHA to attach to
the cell surface, and thus it can selectively inhi-
bit the stimulation of DNA synthesis induced by PHA
(Borberg et al, 1968). It was interesting to study
the effect of Rg-1 on the DNA synthesis in the pre-
sence of this inhibitor. Both the Rg-l (0.0005 mg
per ml of culture medium) and NAGAL (10 mg/ml of
culture medium) were added into the medium before
the inoculation of the blood. 3H-TdR was added for
the last 15 hours of incubation period. Uptake of
the 3H-TdR by the leukocytes was measured as des-
cribed in the previous experiments. The results are
tabulated in Table 9.
The result (Table 9) indicates that the inhi-
bitor,, NAGAL, clearly acts on the DNA synthesis.
The 3H-TdR uptake is greater reduced in leukocytes
cultured in the medium containing NAGAL (3H-TdR up-
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take 68,635 versus 106,400 cpm per culture of
the control). However, the addition of Rg-1 to-
gether with NAGAL to the culture medium restores
the 3H-TdR uptake to nearly normal (101,939 versus
106,400 cpm per culture of the control). Thus,
Rg-1 can negate the inhibitory effect of NAGAL
on. the DNA synthesis in cultured leukocytes.
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6. The effect of Rg-l on mitosis and growth of human
leukocytes in culture in the absence and presence
of raitogenic lectin
Results obtained in the previous experiments
indicate that the Rg-1 affects the mitosis and
growth of the leukocytes in culture medium con-
taining a mitogenic lectin, PHA. It is interest-
ing to see whether the Rg-l alone can stimulate
the resting (GO) peripheral blood leukocytes to
divide and affect the growth-span of the cells.
This study was performed in 3 experiments. In
these experiments, two basic media, TC 199 and
MEM, were used and the mitogenic agent Con A,
which was available in our laboratory, was used
for comparison.
In the first experiment, Rg-1 (0.0005 mg per
ml of culture medium) or Con A (0.05 mg/ml of
culture medium) was added into the medium TC 199
before the inoculation of the blood leukocytes.
Cells were checked on the 4th day of culture at
5 different time periods. Mitotic cells were ob-
served in the culture medium added with Con A,
but not in the medium added with Rg-1 (Table 10).
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In the second experiment, cell densities were
determined for the control (TC 199 medium only),
Con A-treated (TC 199 medium + 0.05 mg/ml of me-
dium) and the Rg-l-treated cultures (TC 199 +
0.0005 mg Rg-1/ml of medium) on different days
after culture. The data are presented in Table 11
and shown'in Fig. 11. The results apparently show
that the cell density in the control maintains at
a certain level (about 26 x 104) from the first
day to the 11th day, and then declines rapidly. In
the Con-A-treated culture, the cell density
increases from the first to the 11th day (from 22 x 104 tc
51 x 104). This indicates the mitogenic action of
the lectin, Con A.In the Rg-l-treated culture, the
cell density declines continously, although slightly,
during the culture period. Thus, it i5 apparent that
the Rg-1 is not mitogenic to the quiescent peripheral
blood leukocytes in vitro. This ginsenoside may act
on the lectin-induced mitogenic leukocytes to enhance
their mitosis and cell cycle as evident in the pre-
vious experiments.
In the third experiment , a different medium I,,IEM
was used. In addition, 4 different concentrations
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of Rg-1 (0.0001, 0.0003, 0.0005 and 0.001 rig/ml
of mediurn) were used in the treatment. Cell den-
sities were determined on different days after
culture for the control (ME'i medium only), the
Con A-treated (NiEM + 0.05 mg Con A/ml of mediurn),
the Con A-Rg-l-treated (NEI'i + 0.05 mg Con A/ml of
medium + 0.0005 mg Rg-1/ml of medium) and the Rg-l
treated cultures of 4 different concentrations
used.The data are presented in Table 12 and
graphed in Figs. 12 and 13. Both the Con A-
treated and Con A-Rg-l-treated cultures were
found to have greater cell densities than that of
the control from the 4th day to the 26th day. The
greatest difference between the Con A-treated and
the control was found on the 8th day of culture
(37.5 +'3-54 versus 15.0 ± 0) while that between
the Con A-Rg-l-treated and the control was (48.0 ±
1.31 versus 13.5 ± 2.12) on the 15th day. However,
the difference between the Con A-Rg-l-treated and
the control is.more significant than that between
the Con A-treated and the control. On the other
nand, the- cell densities in the Rg-l-treated cultures
snow no significant difference (p>0.1) with that
of the control, except in a few cases on the 26th
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day of culture (at the concentrations of 0.0001 and
0.0003 mg/ml of medium 14.5 ± 0.71 and 16.0 + 1.41
respectively, in the control 9.0 ± 1.41). These re-
sults confirm that the Rg-1 alone cannot activate
the non-dividing cells in culture. It can promote
cells to divide and increase the cell density in the
presence of initogenic lectin, Con A in this experi-
ment. The Rg-1 is non-rnitogenic, tjlis conclusion is
reached by using 2 different media, TC 199 and 1%EM.
On the other hand, it is found from the data in Table
12 that the most effective concentration of R.-1
(0.0005 mg/ml of medium) for promoting the mitosis
of the cells in-culture is less effective in maintain-
ing tree cell density than the lower concentrations,
namely 0.0003 and 0.0001 mg/ml of medium. This may
indicate that the optimal concentration for the effect
of Rg-1 on the survival of cells in culture may be
different from that for the promoting effect.
48
DISCUSSION
THE EFFECT OF RG-1 ON THE MITOTIC CYCLE OF CULTURED
HUMAN LEUKOCYTES
The DNA replication and nuclear division are gen-
erally identified as two major processes of the cell
cycle. These two events allow the cell cycle to be
divided into four successive component phases: G1, the
period between mitosis and the onset of DNA synthesis
S, the period of DNA synthesis G2, the time between
completion of DNA synthesis and the beginning of the
nuclear division and M, mitosis (Prescott, 1976). In
this study, the effects of Rg--1 on the two major events,
mitosis and DNA synthesis, were investigated.
As shown in my results, the ginsenoside Rg-l can
act on mitosis of human leukocytes in culture by in-
creasing the mitotic divisions and it does not arrest
the cells at any particular stage. This is true for
all-the concentrations used in the study, ranging
from 0.0001 to 0.003 mg/ml of culture medium. More-
over, there exists a dose-response relationship of the
effect of Rg-l on mitosis of the cultured leukocytes.
The most effective concentration in promoting mito-
sis is found to be around 0.0005 mg/ml of culture
medium. On the other hand, the results of the stu-
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dy on the effect of Rg-l on leukocytes in culture
at different time periods indicate that its stimu-
latory effect is a rather rapid one, as shown by the
significant increase in the mitotic index only af-
ter 12 iaour treatment. The mitotic index of the Rg-l
treated culture was significantly greater(97.71 ±
0.58) than that of the control one(56.4 ± 1.35)(
Table 6) after 12 hour treatment. Similar result
occurred after 131 hour treatment. This effect was
also obvious after the cells reached the rnitotic peak
on the 4th day of culture (24 hour treatment). At
this time the mitotic index was much higher in the
Rg-1 treated culture (103.98 ± 1.42) as compared with
that of the control (67.85 ± 1.73).
Nevertheless, an interesting question on
how the Rg-l can affect the mitosis remains to be
solved. From the results obtained in the last several
experiments (Tables 10, 11 and 12), it is apparent
that the Rg-l, unlike the mitogenic lectins, cannot
activate tree quiescent leukocytes at G0 stage into
mitotically active ones. Therefore, it is not mito-
genic to the cultured human leukocytes. It acts
mainly on the dividing or activated cultured leuko-
50
cytes, rather than the quiescent ones. Moreover, it
enhances the mitosis at a relatively short period
of time.
In order to examine the effect of the Rg-1 on
the mitogenesis of the cultured leukocytes induced by
lectin, it is essential to understand the mechanism of
the mitogenesis induced by lectin. The lectins, Con A
and PHA for instances, can trigger the quiasc ent , non-
dividing leukocytes into a state of growth and proli-
feration (Ling and Kay, 1975 Rosenthal, 1975).
It is a ti^rell-known fact that the first step in mi--
togenesis is binding of the lectin through its
sugar-binding site(s) to the cell surface receptors,
carbohydrate-containing groups (glycoproteins or
glycolipids) (Brown and Hunt, 1978 Prujansky et al,
1978). The following two evidences seem to support
this: (1) It was found that even after the mitogens
had been immobilized onto the agarose beads, by
which no entry of the mitogenic lectins into the
cells through the cell membrane was allowed, they are
capable of the stimulating cell transformation (Greaves
and Bauminger, 1972). (2) Saturated and unsaturated
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fatty acids which might interact primarily with the
plasma membrane have been shown to modulate the stimu-
latory responses of leukocytes to the rnitogenic lec-
tins (Paty et All 1975 Weyman et-al, 1977).
Then the binding may lead to the modification of
membrane structure and function, resulting in the
generation of a trigger or second signal, the trans-
mission of which to the interior of the same.cell ini-
tiates a series of biochemical events culminating in
cell growth and proliferation (Lis and Sharon, 1977).
In addition, several recent reports may be help-
ful in interpreting the effect of the Rg-l on the
rnitogenesis of the activated leukocytes. It has been
shown that similar enhancement on the responses of
leukocytes to PHA was exerted by egg lecithin (Ng et
al, 1978). At the lower lipid concentration, there
was lymphocyte stimulation in response to PHA. The
mechanism of this enhancement is not known, but it
seems possible that the presence of the lipid might
nrimarily facilitate the binding of PHA.
Other recent reports indicate that human peri-
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pheral blood lymphocytes show enhanced responses to
mitogenic stimulation when cultures are done at tem-
peratures higher than the conventional 370 C (Ash-
man and Nahmias, 1977 Roberts and Steigbigel, 1977
Smith et al, 1978). These studies showed that the
peak of.-cell proliferative responses is earlier at
400 C than at 370 C. The increased proliferative
responses at 400 C are due, at least in part, to in-
creased number of participating T cells (as shown by
the increased numbers of mitotic figures). It is
also possible that heat-sensitivity of suppressor-
cell-precursors or inhibition of suppressor cell
generation occurs at 4.0° C but not at 370 C. The
possible explanation is that the stimulated lympho-
cytes may show some specific reactions in addition to
the mitogenesis. Soon after activation, lymphocytes
released a variety of biologically active products,
called lymphokines. Some of which., for example, the
postulated suppressor factor, may inhibit the acti-
vation of B cells and the proliferation inhibitory
factor (PIF) may inhibit the proliferation of cul-
tured cells without lysing them (Bloom, 1974 Lis
and Sharon, 1977).
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Similarly, Hagmann et al (1979) showed that low
doses of human low density lipoprotein (LDL) enhance
the stimulatory effect of certain mitogens on cultured
lymphocytes. It seems that the stimulation could be
enhanced by a preferential inhibition of T suppressor
cells.
Thus, the reports hitherto indicate that the en-
hancement to the mitogenic stimulation by certain
chemical or factor may be due to either (1) the occur-
rence of inhibition of suppressor cell generation or
(2) the binding of PHA being facilitated. As for the
enhancement of the Rg-l on the activated leukocytes,
the former remains to be investigated and the latter
seems unlikely. Since in my study, the enhancement
of mitosis caused by Rg-l is a rather rapid one,
that is, it enhances the cells into mitosis within
12 hour treatment. However, in the normal case, it
takes more than 12 hours for the cell to enter the
mitosis (that is, it requires it-iore than 12 hours to
pass through the G1, S and G2 periods). Therefore,
if the Rg-l would only facilitate.the binding of
mitogenic lectin, the effect should not be observed
only within 12 hours of treatment. Consequently, the
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possibility that the Rg-l facilitating the binding of
the lectin on the cell surface can be ruled out.
The enhancement of the Rg-1 on mitosis of leukocytes
in culture might be due to its effect on the biochemi-
cal processes in the treated cells, that follow the
lectin binding. As a result, the cell cycle shortens,
which in-turn may increased the mitotic index being
measured in the study. This may be explfined by the
relationship of the mitotic index to the duration of
the cell cycle: the generation time is inversely pro-
portional to the division frequency (that is, the mito-
tic index) of cells per unit time (Stanners and Till,
1960 Smith and Dendy, 1962 Firket, 1965). Since the
mitotic index was found to be increased in the treated
leukocytes, the time for a cycle of the treated cells
may be decreased accordingly. Thus, the Rg-1 may short-
en the cell cycle of the cultured leukocytes, result-
ing in the increase in mitosis.
This is further supported by the results of studies
on the effect of the Rg-1 on the DNA synthesis of the
cultured leukocytes. It was found (Table 8) that when
the 3H-TdR was added at or before the early 3 period,
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DNA synthesis was much higher in the leukocytes treat-
ed with Rg-1 than that of the control (662,160 versus
647,810 cpm/culture). However, the reverse is true
when the 3H-TdR was added at the late S period (as
shown by the autoradiographic studies). These re-
sults indicate that the late S period of the treated
cells shift a little earlier than that of the control.
The treated cells have already reached the G2 period
when the 3H-TdR was added. In such a way, less thy-
midine uptake was resulted. The shortening of the S
period leads to the shortening of the cell cycle of
the cells treated with the Rg-1, resulting in its en-
hancement action on mitosis.
In addition, the Rg-l can promote the DNA synthesi:
of the cultured leukocytes. It is apparent from my
results (Table 8) that DNA synthesis is much greater
in the leukocytes treated with Hg-l than that of the
control (662,160 versus 647,810 cpm/culture). Thus,
it enhances the DNA synthesis of the cultured cells
activated by the mitogenic lectin, PHA. The results
are consistent with that of mitosis. This is so be-
cause mitogenic stimulation can be estimated by count-
ing the number of cells that have been transformed.
56
On the other hand, it can also be determined by mea-
suring the increased uptake of 3H-TdR into the DNA of
the stimulated leukocytes (Bender and Prescott, 1962
Borberg et al, 1968 iiiamantstein and Ulmer, 1975
Utsinger et al, 1977). There is also evidence that
the increase in DNA synthesis reflects the number of
cells stimulated (Lis and Sharon, 1977). Therefore,
the mitogenic activity can be quantitated by measuring
the incorporation of radioactive thymidine into the
cells. Since the number of cells in mitosis was found
to be much higher in the treated culture than that in
the control, it is not surprised to observe the increase
in the uptake of 3H-TdR correspondingly. This is true
even in the presence of a binding-inhibitor, NAGAL.
THE EFFECT OF RG-1 ON THE GROWTHOF THE CULTURED HUMAN
LEUKOCYTES
Both Yuan and Chang (1969) and Fulder (1977) re-
ported that ginseng extract can delay the degeneration
of cells (the amniocentesis cells and male foetal lung
fibroblast respectively) in culture. This is important
to the gerontologists, since they believe that ginseng
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may have a palliative effect on degenerative conditions
of old age,
Human peripheral blood leukocytes are of two main
types, the agranular and granular. In my study, very
few granulocytes could be found throughout the whole
study. A similar result was found by Nowell in 1960
and Wintrobe in 1967. The agranular leukocytes comprise
the most of the long-lived cells, similar to That was
reported by Beesley et al (1978).
The ginsenoside Rg-1 is found to have some effects
on the growth-span of the cultured human leukocytes
with or without a mitogenic lectin (Tables 7 and 12
Figs. 10 and 13). In the lectin-stimulated cell cul-
tures (PHA-treated), it is apparent from the results (
.Table 7 and Fig. 10) that the treated cells become more
resistant to adverse conditions of growth ---- delaying
the degeneration of cells, greater cell density than
the control, and much smaller rate of decreasing the
cell density at later s to.ges of culture (from the 8th
to the 19th day of culture). On the other hand, due
to the Hayflick limit (an intrinsic limit on the num-
ber of times of cell division in the case of cultured
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human leukocytes, 5-6 cell divisions), cells of the con-
trol ones were then killed by the toxicity of the ac-
cumulated metabolic products and the diminution in
polysome efficiency characterizes the cessation of
growth (Ringdahl and Cooper, 1978). The Rg-1 treated
cells, however, seem to have better ability to survive
in the adverse conditions of growth, as indicated by
the greater cell densities and smaller rate of decrea-
sing the cell density. This property of enhancement
of the ability to survive in adverse growing conditions
for the Rg-1 on the activated leukocytes might be ex-
plained by proposing that it behaves as a corticoste-
rone-like steroid intracellularly and binds reversibly
to the receptors. The receptor-steroid complex is
then transferred into the nucleus. In the nucleus,
it may interact with non-histone chromosomal proteins
which switch on RNA synthesis (Folder, 1977). A simi-
lar effect was found in the cultured cells treated
with another mitogenic'lectin, Con A in another medium
(the MEI\7 medium instead of the TC 199 medium), This
shows that this property of Rg-1 for strengthening
stability of survival in adverse conditions of growth
holds for different mitogenic lectins (PHA and Con A)
and culture media (TC 199 and VIEM media).
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In the culture without a initogenic lectin, the
quiescent leukocytes cannot be transformed into active
ones by Rg-1, even at the concentration of 0.0005 mg/
ml of culture medium, which is the most effective
concentration in promoting the mitosis of cultured
leukocytes in the presence of a mitogenic lectin. No
such effect of enhancement of resistance to adverse en-
vironment' can be found Ior the Rg-1 treated cells at
this concentration (Table 12). However, concentrations
such as 0.0001 and 0.0003 rig/ml (Table 12) have been
found to have such stabilizing effect in the later pe-
riod of culture (the 26th day of culture). Therefore,
the Rg-1 may have a subthreshold concentration on
its effects to the survival of the cultured leukocytes
(Richter and Naspitz, 1968), which indicates that the
most effective concentration for promoting mitosis is
different from that for the survival of leukocytes in
culture.
From this study, we may conclude that the Rg-l may
be an important component of ginseng to stimulate cellu-
lar activities and to enhance non-specific resistance.
These are the important properties of ginseng as stated
by Shibata in 1977. Besides, the addition of Rg-i into
60
the medium may improve the culture and produce more
metaphase figures for routine utilization. In addition,
the results presented here (that is, the promoting effect
of Rg-l on the mitosis of leukocytes) indicate that, at
least in vitro, the immune response is enhanced by the
treatment with Rg-l. If this situation prevails in vivo,
then the treatment with Rg-1 may have a beneficial ef-
fect against the infectious diseases and certain malig-
nancies where a maximal immune response is desirable (
Smith et al, 1978).
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CONCLUSIONAND SU1181ARY
The present study deals with the effect of the gin-
senoside Rg-l on mitosis and growth of the cultured hu-
man peripheral blood leukocytes. As a result, the
following conclusions are drawn:
(1) The ginsenoside Rg-l can promote the mitosis of
the cultured human leukocytes activated by the
mitogenic lectin, phytohemagglutinin (PHA).
(2) This promoting effect was observed in all the cul-
tured cells fixed at the five periods of time,
namely 0:00, 1:30, 11:00, 12:30, 14:00 and 15:30,
on the 4th day of culture.
(3) The most effective concentration of the Rg-l for
promoting mitosis is found to be around 0.0005 mg/
ml of culture medium.
{4} Its promoting action is a rather rapid one, since
its effect is already evident at the 0:00 of the
4th day of culture (only after 12 hour treatment).
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(5) Although Rg-1 can promote the mitosis of the cul-
tured cells, it is found to be non-mitogenic to
-the cultured cells in the two media, TC 199 and
MEM, without the presence of a mitogenic lectin,
PHA or Con A.
(6} It seems unlikely that this ginsenoside can faci-
litate the binding of lectin to the surface of the
cultured cell, since such facilitation cannot
give the promoting effect as early as the 12 hour
treatment indicated by the results in the experi-
mente
C7) The Rg-l can increase the uptake of 3H-thyuiidine by
the cultured cells, indicating that it can promote
the DNA synthesis. This is so even in the presence
of the lectin-binding inhibitor, N-acetyl-galacto-
samine (NAGAL).
t8) It is.found that the S period of the cells treated
with the Rg-l shifts a little earlier. Thus, this
ginsenoside can shorten the S period of the cul-
tured cells. This may be the reason why it can
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increase the number of mitotic cells in the cul-
ture.
(9) The Rg-l may enhance the resistance of the cells
to the adverse growing conditions. It is indicated
in the results (Tables 7 and 12) that the cell den-
sities of the cultures treated with Rg-1 are higher
than that of the control on various days of culture.
(10) However, the most effective concentrations of Hg--1
(0.0001 and 0.0003 mg/m1. of culture medium) for
the effect on the survival of the cultured cells
in the absence of a mitogenic lectin are different
from that for the promoting effect on mitosis (
0.0005 mg/ml of culture medium) in the prescence
of a mitogenic lectin (PHA)
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with Rg-1andRb-1( both at a concentrationof v.vv-,l 11115/911-LW.M.
3 different time periods on the 40 day of culture.
Mitotic stages(%)Mitotic indexNo, of dividingNo, of cellsTime period








6.7109.70+ 2.60 37.755.6285013:15 313
15.649.688.29+ 4.o5 d258 36.8291214.15
53.33+ 6,01 11.140.748.216:00 1010 54
(47.2) (9.9)(42.9)(6772) (625) (92.29)
T©tal) (Total)
Rb -1
8.313:15 265 86,80+ 2,90 c 34.33046 5704
14:15 4.91454 102 68,72+ 1.13 38.25609
16:00 2056 165 80, 60+ 1,67 b 9.757.632e7
(6556) (1+7.2) (7.3)(532) (81,15) (37.8)
(Total)(Total)
P 0. 001
b 0.05 p 0.01
c 0.1 p 0.05
d p 0.1
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Table2. Mitoticindexandpercentageof mitoticstagesin culturedhumanleukocytestreated
withRg-1at 4 differentconcentrations(Experiment1).















2742 105Control 38.24+1.84 26.5 40.8 32.6
2 4120.001 127 52.65+1.69 25.6 17.05704
0.0005 2582 116.19+4.94 45.9 22.6300 31.5
24290.0003 176 46.643.0 10.472.60+3.14
2852 80.51+2.390.0001 229 14.63305 51.9
15:30
2354Control 122 51.69+2.00 27.4 45.9 26.7
25640.001 226 88.02+2.50 12.5 56.4 31.1
26420.0005 240 90,84+2.16 44.7 16.438.9
24250.0003 198 81.57+1.90 52.9 39.5 7.6
0.0001 2521 227 90053+1.26 47.5 44,0 8.5
P 0.001
b 0.05 P 0.01
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Table 3-. Means of mitotic index and percentage of mitotic stages (average of 4 time periods) in
cultured human leukocytes treated with Rg-1 at 4 different concentrations
(from table 2)





46.1 43.9 10.00.0003 88110256 85.9
0.0001 10447 42.1 40.2 17,793.9981
5Table1•Mitoticindexandpercentageof mitoticstagesin culturedhumanleukocytestreated
withRg-1at 6 differentconcentrations(Experiment2) .
Mitotic stages(%)Timeperiod MitoticindexNo.of dividingNo.of cells
Ana-telophaseConc.(mg/ml) ProphaseIMetaphase(mean+S. D)cellscounted
11:00 23.346.730.053.534.641502792Control 9.355.355.35+1.51d 35.1+16129050.03 14.66o.724.763.72+1.13a17827930.015 16.928,6 54.576.08+o.6621328430.005 16.946.176.03+1.99 37.821728570.002
81,57+2.940 18.440536.124429960.001 12.988.75+2.90 52.035.124827920.0005
12:30 16.749.o31+.369.08+0.732042952Control 15.945.176.41+2.25 38.922629600.03 18.261.220,673,02+1.6121429320.015 77.53+1.15* 16.927.4 55.721928250.005 87.36+1.59* 18.745.136.325128510.002 23.149.627.4234 90.89+1.5525760.001 2k.140.335.61o6.34+4.10*28727010.0005
14:00
22.7 27.338.01+1.712895 110Control 50.0
71.97+1.58* 46.7210 17.129180.03 36.2
20.972-54+2.13220 48.230.90.015 3032
18.665,89+4.81 3 0.12630 171+0.005 51.3
21.761.470,52+l.o4 16.92950 2 080.002
65.95+1.59* 21.92910 1920.001 70.3 7.8
111.14+6.26* 27.0 16.928040.0005 56.2312
15:0
22.5 21.151.71+1,212744 142Control 56,3
47.667.06+4.10 42.1 10.32648 1780.03
14.92508 1410.015 35.1 50.056.07+2.51b
61.61+2,422709 1670.005 35.1 32.4 32.4
24.164,?3+1.46 13.862.11742 6880.002





b o, 05 P 0, o1
Table 5. Means of mitotic index and percentage of mitotic stages (average of 4 time periods in
cultured human leukocytes treated with 6 different concentrations of Rg-1
(from table 4).
Mitotic stagesMitotic indexN.o.of cells No. of dividingConcentration
cellscounted( mg/ml) Ana-telophaseMetaphaseProphase
21.328.4 50.360611383 53.2Control
13.548.367.8 38.20.03 11431 775
27.2 17.566.80.015 11265 55.2753
23.227.4 49.30.005 11007 773 70.2
0,002 29.4 17.911346 838 73.9 52.7
0.001 24.111206 80.7 17.9904 58.0
0,0005 11065 1092 49.2 17,633.198.7
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Table 6. Mitotic index in cultured human leukocytes treated with Rg-1
(0.0005 mg/ml) at 3 different time periods on the 4tb day
(Experiment 3) .
Treatment Mitotic index (mean +- S.D.)
0:00 1:30 14:00
Control 56.40 +- 1.35 63.14 +- 2.10 67.85 +- 1073
97.71 +- 0.85Rg-1 87.23 +- 1.12 1103.98 +- 1.42
P<0,001
Table 7. Effect of Rg-1 (0.0005 mg/ml) on cell density of cultured
human leukocytes.




15.5 ± 0.71 a9.5 ± 0.715
32.5 ± 0,7116.0 ± 1.418
27.0 ± 07.5 ± 0.7113





Table 8. Effect of Rg-l (0.0005 mg/ml) on DNA synthesis in









7:30 on 4th day
Control 310455
223520Rg-1








Table 9 . The effect of Rg-l ( 0.0005 mg/ml) on DNA synthesis








Table 10. Effects of Rg-l (0.0005 mg/ml ) and Con A (0.05 mg/ml )











+ : Presence of mitogenenic cells
- : Absence of rnitogenic cells
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Table 11 . Effect of Rg-1 (0.0005 mg/ml) and Con A (0.05 mg/ml )
on mitosis and growth (as indicated by the cell density)
of human leukocytes cultured in TC 199 medium.
Treatment Cell density (Xio) (mean + S.D.)
Day Rg-1Control Con A
24,50 + 0.71 d27,50 + 0.71 21,50 + 3.54 d1st
3rd 28.00 + 0.00 31.00 + 9.90 d 23.00 + 1.41 b
5th 45.50 + 6.36 b 22.50 + 0.71 a26.00 + 1.41
48.50 + 4.95 b 19.00 + 1.41 b24.50 + 0.717th
11th 26.00 + 0.00 50.50 + 7.78 b 20.50 + 0.71 a






Table12 . Effectsof Rg-1on mitosisandgrowth(asindicatedby thecell density)of humanleukocytesculturedin the
MEMmediumin thepresenceandabsenceof themitogeniclectin,ConA.
Treatment Cell density(X104)(mean+ S.D.)
Rg-1(gig/ ml )
ConA + Rg-1Control ConADay 0,0010.00050.0001 0.0003(0.0005)
21.0+ 1.41d 20.5+ 0.71d 22.5+ 0.71d2 0.50+ 0.71 2 0. 00 + 0.00d22.0+ 0.00c1st 2305+ 0071c
20.50+ 2.12 16.5+ 2.12d 18.0+ 0.00d35.0+ 1.41b 34.0+ 2.50b 20.50+ 2.12d 17.0+ 1.41d4th
6th 16.50+ 0.71 35.0+ 1.07b 17.5+ 0.71d 14.5+ 0.71d 16.0+ 1.41d18.00+ 1.41a37.0+ 1.41a
8th 37.5+ 3.54b15.00+ 0.00 41.0+ 2.24b 15.0+ 2.83d17.00+ 1.41d 16.5+ 0.71d 14.0+1.41d
10th 15.50+ 0.71 32.5+ 3.54b 1305+ 0.71d17.50+ 0.71d 15.5+ 0.71d 13.5+ 3.54d49.0+ 4.90a
13.50+ 2.1215th 13.0+ 1.41d 13.0+ 4.24d2.50+ 7,07d 48.0+ 1.31 17.00+ 1.41d 15.5+ 0.71d
22nd 14.50+ 2.12 13.0+ 7.07d 19.0+ 1.07a 13.0+ 1.41d16.50+ 2.12d 16.0+ 1.41d 10.5+ 2.12d



















Fig. 1 The effect of Rg-1 and RID-1 on mitosis
of human leukocytes in culture at 3









Fig. 2 Mean mitotic index of cultured human















Fig.3 The dose effect of Rg-1 on mitosis of
human leukocytes in culture at 4












11:00 12:30 14:00 15:30
Time Periods
Fig. 4 The time effect of different concentra-
tions of Rg-1 (0.001, 0.0005, 0.0003
and 0,0001 mg/m1 of medium) on mitosis
of human leukocytes in culture on 4th












The mean dose effect (average of 4 time
periods) of Rg-l on mitosis of hurrian
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Fig. 6 The dose effect of Rg-l on mitosis of
human leukocytes in culture at 4

















11:00 12:30 14:00 15:30
Time Periods
Fig. 7 The time effect of different concen-
trations of Rg-1 (0.03, 0.015, 0.005,
0.002, 0.001 and 0.0005 mg/ml of me-
dium) on mitosis of human leukocytes












The mean dose effect ( average of 4 time
Periods) of Rg-1 ON Mitosis of human












Fig, 9 The time effect of Rg-1 (0.0005mg/ml)
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Fig. 10 The effect of Rg-1 (0.0005 mg/ml)
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Fig. 11 The effect of Rg-1 on mitosis and
growth of human leukocytes in cul-
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Fig. 12 The effect of R-1 on mitosis and
growth of human leukocytes in cul-


















Fig. 13 The effect of different concentra-
tions of Rg-1 (0.001. 0.0005,0.0003
and o.0001 mg/ml of medium) on Growth
of Human leukocytes in culture in the
absence of mitogenic lectin.


